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LANGLEY FULL-SCALE TUNNEL INVESTIGATION OF A
1/3-SCALE MODEL OF THE CHANCE VOUGHT
XF5U-1 ATRPLANE

By Roy H. La.nga, Bennie W, Cocks, Jr.,and
Anthony J. Froterra

SMMARY

The results of an investigation of a 1/3-scale model of the
Chance Vought IF5U-1 airplans in the Langley full-scale tumnel are
vresented in thie report. The maximm lift and stalling charac-
teristices of several model configurations, the longlitudinel stability
characteristics of the model, and the effectivensss of the control
surfaces wore determined with the propellers removed. The pro-
pulsive characteristics, the effsct of propellsr opsration on the
1ift, and the static thrust of the model propellers were determined
at several propellier-~blade esngles.

. The resulte with the propellers removed showed that the

meximum 1ift eéoefficient of the camplete model configuration was
only 0.97-as compared with the value of 1.31 for the model configura~
. tion in which the engine-alr ducts snd cenopy are removed. Ths

model with the propellers removed (normal center-of-gravity position)
has & positive static margin, stick fixed, varying from 5 to 13 per-
cent of the mean asrodynemic chord throughout the unstalled range
of 1lift coefficlents, The wnit horizonital tail is sufficlently
powerful to trim the airplane with the propellers removed throughout
the unstalled renge of lift coefficients.

The peak propulsive efficiercies for B = 20° and B = 30° ,
wore incrsased 7 percent &L Cp = 0.67 and 20 percent et Cy = 0.7k,
respectively, with the propsllers rotating upward in the center than
with the propellere roteting downward in the center. Indications
are that the minimm forward-flight spesed of the airplans for
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full-power operation at sea level will be about 90 miles per hour.
Decreasing the welight and increasing the power reduced this value

of minimum speed end there were no indications from the results of
a lower limit to the minimm speed.

INIRODUCTION

At the request of the Bureau of Asronautiocs, Navy Depertument,
an investigation has been conducted on & 1/3-scale model of the
Chance Vought XF5U-1 airplane in the Langley full-scale tunnel.
Thie airplane is of unconventlonal design with an almost circular
plan form. Very large diameter articulated propellers are located
at the wing tips. A unit horizontal tail ls used to obtain both
longitudinal and lateral control.

Tests were made of the V-173 airplane (reference 1), which is
a prototype of the XF5U-1, to determins the propulsive and the
stability and control characteristics of this unconventional design
in the low angle-of-attack range. The XF5U-1 airplans is expected
to assume attitudes approaching hovering and vertical descent as
a result of ths relatively large static thrust and large power
effects on lift. The present investigation in the Langley full-
scale tunnel was, therefore, chiefly for the purpose of determining
the longitudinal stablillity and the performance of the airplane in
the very high angle~-of-attack range.

It was plenned to make tests with the propellers removed and
with theo propollers operating sc that the effects of propeller cpera-
tion might be determinsd. The tests of the model with the propellisys
removed lncluded msasuremsnts to determine the longitudinal stability,
the maximum 1ift and stalling characteristics of several model con-
figurations, and the effectivaness of the ailavators and the rudders.
Only a small part of the propellsre-operating test program wes
completed whon testing was terminated by the failure and complete
destruction of one of the model propellers. The tests with the
Propellers cperating were made at several propellier-blade angles and
included measursments to determine the propulsive characteristics,
the effect of propsllsr operaticn on the maximm 1lift, and the
static thrust of the model propellsrs. The data obtained with the
propellers operating were limited and were insufficlent to doter-
mine completely the stability and performance of the airplana.
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COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefl-
ficients of forces and momsnts. Rolling-, yawing-, and pitching-
moment coefficients are given about a center-of-gravity position
located on the root chord and 26.3 percent of the mean aerodynamic
chord aft of the leading odge of the wing root chord. The positive
directions of forces, of moments, of anguler dieplacements of the
model and control surfaces, and of hinge momente are given in
figure 1.

Cq, 1ift coefficient (L/qS)

Cp drag coefficient (D/qS)

Cp pitching-moment coefficient (M/qSc)
C; - * rolling-moment coefficient (/qSb)
Cp yewing-moment coefficient (N/qSb)
Cy lateral-force coefficient (Y/¢S)
Cy hings-moment coefricient (E/qb's2)
Gy power coefficient (P/on3D3) .

Cp . effective thrust cosfficient -(Te/pnz.Dh')
Cq torque coefficient (Q/pn2D>)
Q¢ torque coefficient (Q/eqD3)
Cpg resultant drag coefficient (Dg/as)
V/nD propeller ad.vé.nce'-dianietex; ratio |
1ift
Y lateral force along axis
drag of model with propellers removed or propeller diameter
(5.33 £t on model) : S

moments about wind axes

2~ 2
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hinge moment of control swrface
power input per propeller (2mnQ)

torque per propeller

effective thrust per propeller (D-‘—l-léniu—}

resultant drag with propellers opsrating
froe~atream dynemic pressure -;:mre
wing area (47.44h sq £t on modsl)

wing mean chord (S/b)

root-mean-aquere chord of a control surface back of hinge

lins
wing span (7.777 £t on modsl)
control-surface span along hinge line
airspoed
propeller rotational speed

angle of atiack of tbrust a.xls relative to free-gtream
direction, degrees -’ '

mass density of air

control-surface d.e‘fleétion, degroes

right ailavator tab deflsction, degross

left ailavator tab defloction, degrees
propoller-blaede angls at 0.75 radius, degroes
mean asrodynamic chord {6.61 £t on model)

c
propulsive efficioncy |29 ¥
Cp D
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.The 1/3-scale model of the X¥5U-1 alrplsne was supplled by
Chence Vought Aircraft. The general arrangement and geometric
characteristics of the model are given in figure.2. Control-
surface dateard given In table I. o T . ,

The model 1s powered by a 200-horsepower, water-cooled,
electric induction motor. Power is tranamitted from the motor to
the propellers by means of extonslon shafts through right-angle gear
boxes of the wing tips. The propeller installation at each wing tip
consists of 2 two-blade propellers mounted in tandem so as.to form
a four-blade configuration., These tandem propelliers rotate in the
game direction with the propellers at sach wing tip ‘rotating upwvard
at the wing.center section. ' - o B ' ; S

" The propeller bledes sre free to flap fore or aft i0° from the -
perpendicular to the propeller exis gs they rotate. The blades of |
sach propellér are =0 intercomnected thet ag ons blads fleps forward
the opposite.blads flaps aft.™ #n addition, &8 a blade fleps forwerd,
the hub mechanism causes the pltch to decreass and as the biads
flape aft the pitch is increased. This load-relieving mechanism

was found to be necessary by the airplans ‘dosignetr in his analyses
from considerations of propeller stabllity, blede loads, and
uniformity of disc-thrust loading. S L
. ool PR SR - - .- .

The propeller.torgue was determined from calibration curves:
of motor toixue ad a function of minimum input current to the motor.
The propeller-rotational speed was measured by a condenser-type
tachometer.. ‘- -» -~ - e T .

T
- .. .. N
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The moveble control surfaces on the modsl were hydraulicelly
actuated by remote control. Electrical position indlcators and
strain gages measured control-surface deflections and hings maments,
respectively.

Two model-support arrangements were used in the tests. The
original cantllever strut support was attached to the model at the
left wing tip. (See fig. 3.} A revised support was attached to
the modsl on the under side of the wing at the wing semispan during
the tests to avoid the large interference effects that were found
to be caused by the orilginal wing-tip support. Both sypports were
located 21.6 percent of the mean asrodynamic chord eft of ‘the
leading edge of the wing root chord. The results glven throughout
this vreport are for the model with the semispan support unleas
otherwise specified, The model was mounted vertically in the tunnel
in order to obtain an unlimited range of engle of attack and to
minimize Jet-boundary effects. The valus of the correctlion fector
used in the jst-boundary-correction eguations as determined from
figure 4 of reference 2 was -0.13. '

The Langley full-scale tunnel and dbalance system are described
in reference 3.

METHODS AND TESTS

Force tostas were mads of the model for a rangp of angles of
attack of from -19° to 90°, BExcept where noted, the tests wers
maede at a tumhol airspeed of approximetely 87 miles per hour,
corresponding to & Reynolds mumber of approximately 5,380,000 based
on the mean aerodynamic chord of 6.61 feet. Thesec teats were made
for both the basic-model and the complete-model configurations
(figs. 4 and 3, respectively). As shown, the basic model differs
from the complete model in that the canopy and engine air ducta
are removed.

Force tests and tuft obssrvations wore initially made of the
model in the basic and campleote configuretions with the propellers
removed and all control surfaces neutral. Tests of the complete
model configuration with propellers removed revealed prematurd
separation at the wing center section, resulting in low valuse
of Cy . In an attempt to increase the Cp of the modsl,

the several modifications listed ln table II and shown in fig-

ures 5 through 10 wers meds. Testa of these modifications included
1ift measurements and tuf't observations for & ranges of angles of
attack in the region of the gtall only.
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Control effectiveness and hings moments were determined Ffor
the ailayatorg acting as elevators and ailerons, for the stability
flaps, and for the rudders for the model with 'the propellers removed
and at zero yaw. The effectivensss of the ailavator tab was also .,
determined. Hinge momentes of ths control surfaces were determinsd
on the right side of the model only,

Elevator-effectiveness tests were made in the reogion of longi-~
tudinal $rim for a wide range of angles of atiack. For angles of
attack greater than 24° the glovators weré deflected anly over &
small range near maximum negative ‘deflection.. The alleron effec<
tiveness was determined by first deflecting both left and right.
ailavgtors to _'b]ng___g.ppr_oxg.n_nt_e poeitlion for longitudinal trin at
each angla-of .attack. With the left ailavetor fixed at the setting
for longltudipal trim, the right allavator wes deflected *15° .from |
this trim position.  The offéctivensss of the stability flap end .
the rudder was determined over a large rangs of flap and yudder -
deflegtions with the ailavators eét at the epproximate.deflection
Tor. longitudipal trim at each angls of attack. - .

Forge tests wers made with.the model in the basic configuration
with the propellers opérating at B = 20° apd B = 30° .:to ‘dstormine
the propulsive charaecteristics for a large angls-of-attack rangs. .. -
To obtaln date over the complete V/nD rengs of the propellers,
teats were made as folloys for each angle of attack: first, with the
propellers sst at ths maximim rpm a8 limited by the available torque,
the tunnel alrspeed was varied in steps from zero to approximately
87 miles per hour; ‘second, with the tunnel airspeed held constant
at approximately 8’[_ p:ij,es per hour; the propeller speed weS increased
from the windmiliing to the maximm speed in incremsnté. of 100 rpm. |

R R SRR %

The ;aerodynamic cherdcteristics of the modsl with the pro-
pellsrs operating at blade angles of 10°, 21.5°, and 14% were . .. ..
determined from force tests &t angles of attack renging from 3° - .-
to 811-0,' The purpose of these tests yas to choose optimm propellér-
bleds engles for simulating the propeller-cperating conditions. of
the airplane in the very high angle-of-attack rengs. For these . ¢
tests .the propellers were operated through & V/nD rangs sufficient
only %o.obtain an intersection of the mdodel ' Qg Versus - Cp, curve . ~:
at constant -angle of attack with the sirplams Qg versus'- Cp curve™
for full power operation. (See fig. 11.) . The curves of figure 11
were furniehéd by the contractor. s LT
... . The static thrust of the model propellers was determined from
tests at blede angles of 10°, 11.5%, and 14° at an angle of attack
of 909, and. from tests &t a blade angls.of 20° at an angle of attack
“of ThO with the model suppartod at the wing tip. At essach blade angls,

a
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measurements were made for the conditions of maximum propellsr rpm
as limited by the available tarque and zero tunnel airspeed.

RESULTS ARD DISCUSSION

The data have been corrected for balance alinemsnt, blocking,
and Joet-boundsry effects. - Tars corrsctions were applied to the
propellers-removed drag data only. .

The presentation of the test resulis and the apalysls of the
data have been grouped into two main secticns. The first section
gives the results of the propellers-removed investigations to
determine the maximum 1ift and stalling characteristics of the model,
the longitudinal stability characteristice of the model, and the
offectivenssa of the control surfaces. The sscond sogtlon glves
the results of propeller-operating investigations of the propulsive
characteristics of the model-propellers combination, the static
thrust of the model .propsllers, and the meximum lifte obtainable

“for similated flight conditions. '

. Results with Propellers Removed

. Maximum 1ift and gtalling characteristics.- The results of
the 'maximum 1ift and stall tests are presonted in figurss 12
through 14 and the test data are summarized in table II, Photo-
-graphs cf wool tufts, placed. at freguoent. intervals on the upper
wing swrface, to show the disposition of the alr flow over the model
at several angles of attack ars shown in figure 15 for the baslc-
model and complete-mod.el oonfigm'a.tlons.

: Wit.h the model in tho camplete conflguration (Fig. 12) the
maximum 1lift coefficient ohtained was-0.97 at. an angle of atteck

of 32°, TuPt observations indicated that premature stall probably

' occurred from disturbances Just aft of the canopy and in the rugion

of the engino air ducts. - (See fig. 15(a)) As a rosult, several

modifications to the cancpy and the enginc air ducts. were toated in

an attompt to deley promature atalling at these locations. Opening

the canopy, installing fillets around the enginé air ducts, and

ungealing the engine-air cutlete di1d not change the value of Cp .

(svo table II.) Increases in Cp of 0.06 and 0.08, rospectivoly,

wore obtainéed by extonding the canopy afterbody as shown in figure 6
and by installing extended spimners in the engine air ducts as shown
in figure 8. Dotails of the extended epinnor installation are shown
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in figure 9. Removing the engine air ducts and fairings increased
the Of of the model by 0.22 over, that for the complete model
configuration. It should be pomted out tha.t 'the cooling fans to
be used on the alrplans in the engine air ducts were not d.uplica.terl
on the model. . Tests with only the canopy removed ':u;crea_.sed. thelCI

by 0.07. A maximm 1ift coefficient of 1.31 was obtained for the -
model in the basic model configuration. (See fig. 1k.) Tuft
studies indicated that the alr flow over the model in the basilc
configuration was smooth and that no a.pprecia.ble disttt"bances
occurred even in the region of the propeller nacelle-wing ,juncture
up to the angle of stall, (See fie. 15(b)) - _,
Statie-longitudinal stebility teatls, - The variations Qf Cras

Chy, s Cr, and Cp with ailavator deflection 34 for the complete

medel configura.tion a.re shown in figures 16 through 19. From thase'
figures, curves were obtained to show the variations of ; g

X/ EDCm (ach& sa)c‘ . With cL -and are givenin_
figure 20. The allavator effectivensss Cyn /OB, is approximatsly

constant and equal to -0.0052 throughtout the 1ift coefficiént rangs
from O to 0.8. The slope acha/asa varies from gpproximately O

to -D.011 fora Cp; range of fram O to 0.5. There.is a reverssl of
slope in:the range between Op = 0.5 and Cp = 0.8.

s an indication of the static longltudinal stability of the .
coamplete modsl configuration with the propellers removed, curves
showing the variations of Cp with Cf for constant allavator

settings are given in figure 21, Tho values of C /bCL near the

trim 1nd.icate that the a.irplane will 'be longitudinally stable for -
the lift coefficient ra.nge from O to O. 63

To show more clearly the static longitud.inal sta.'bility q:harac-
teristice of the airplans, the fore and aft locations of the atick-
fixed meutral point have been cciiputed by method 1- of reference it-
and are presentad. in figure 22. - These results show that for ths-
normal center-of-gravity location the airplenc with propeliers
romoved will have a positive static margin varying from 5 to 13 per-
cent of the mean a.erod,yna.mic chord. throughout the u:n.sta.lled rangs -

‘of lji‘t coefficients.- . ¥

The magnitude of  the eilavator deflections reguired ‘to trim the
a.irpls_ana for 1ift coef_ficients up to the stell has been plotted in
figure 23. This curve was obtained by cross plotting for 'Cm =0

the rosults of the ailavator-effectivensss tests given in
O
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figures 16 to 19. Tho results of figuroc 23 show that tho airplans
with propollsr romoved can be trimmed by moans of the unit hori-
zontal tail for all 1ift coefficlents up to Cp = 0.72.

As an indlcation of the stick-free longitudinal stability
characteristice of the airplamnn, the variation of Cp with Cp

for Op, = 0 is prosented in figure 24 for the complete modsl

configuration. Although the data ars rathsr limited, these rosults
indicate that the stick-froe stability will be asrratic over most
of the 1ift coofficient range investigated and will be umsteble at
vory low 1ift coefficients (below about 0.1).

Effect of unit horizontal tall.- The effect of the unit hori-

zontal tail on the asrodynamic characteristlics of tho basic model
ars shown in figure 25. The horizontal tail, at zero incidence,
contributes an increments of about 0.18 to the maximum lift coof-
ficient of the model. As shown by the pitching-moment cuxrve the
model with the horizontal tail removed is unstable botween o = o°
and 12° and becames stable at angles of attack groater than 12°.
The contribution of the unit horizontel tail to thoe longltudinal
gtabllity of the basic model is shown in figurc 26 by tho incroment
in model pitching-moment coefficlient provided by the tail plotted
against anglo of attack. The velue of MCp /n is about -0.0059

botwsen o = 0° and 12° and decreases to about -0.0022 for angles
of atteck greator than 12°, This decreasc in slope at the higher
angles of attack is prebably due to the stalling of the horizontal
tail.

Allsvator-tab effoctiveness.- The results of the tab tests,
which are presented in figurcs 27 through 30, show the offscte of
teb deflection om the veriations of cha.’ Cps Cr, and Cp with

ailavator deflection for three anglos of attack (a = -0.6°, 11.3°
23.2°), The tab hinge-moment parameter Cy /B&a_T romains
e

ossentially constant with ailavator deflection but incroasss
negatively from -0.0033 at o = -0.6° to -0.0045 at « = 23,20,
(Seo £ig. 27.) A decrease .in tho model pitching-moment coefficilent
of about -~0.000% per degroe change in tadb deflection was moagured.
(Seo fig. 28.) This dscroase in pitching-moment cocfficient dld
not change appreciebly with angle of attack ar ailmvotor deflectiocn.
The resulte of figurce 29 and 30 dhow that tad defloction hed no
appreciablo offect on the 1ift and thoe drag of tho model.

Stapbility-flap effectivenvss.- The results of the flap tests
presented Iin figures 31 through 3% show the variations with flap
deflection of Cp, Chf: Gy, end Cp. The main purpose of the
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stablility filap is to trim out the adverse or stalling pitching
morent due to propeller operation. The flap effectivensss aC /861.

increased negatively with angle of attack up to o = 23, 2° . and
thereafter remnined approximetely cdmstant until the stall. .

(See fig. 31.) A decrease in the basic model pitching-moment -
coefficient of about -0.0017 per degree change in flap deflection .
vag msasied at o = -0. 6° and this ¥alus increased to about -0,0026
at o = 23.2°. The value of achf/asf at small flap deflections,

increase 68 with angle of attack (fig. 32) fram about zerc at
@ = -0/6" to sbout -0.0019 &t o = 35.2°. The value of OCp,[dB¢

increased rapid.ly, in the negative direction, for large positive
flap deflections. The effects of flap deflection on the 1ift
coefficient were comparatively emall. A maximm incresse in 1lift
coefficient of only 0.12 (at o = 11.3°) was measured for full
positive flap deflection. (See fig. 33.)

Aileron effectivensss.- The rosults of the alleron tests are

given in figuras 35 and 36 for angles of attack of -O. 6°, 11. 3° 5y
and 23.2°, The ailércn effectivensss BC-L/& with only one -

ailavator deflected, increased slightly from a.bout '-0.0018 at
o =-0.6° to about 20.0022 at « = 23.2°. (See fig. 35.) The
values of acha/a wore emall and about zero for conditions

other than those in which it appears that the ailavator was stalled.
At o = -0,6° 1% appears that the control.gurfece might be
overbalsnced.

Rudder effectivensss.- The results of the rudder tests are
given in figures 37 and 38 for angles of attack of -0.6°, 1L, 3°
and 23,2°. The rudder parameters, dC,/d8,, 30y/d8,
‘and. OCy r/BS increased with angle of attack; so tha.t for an
angle-of-attack rangs of -0.6°.to 23.29, 3C,, /36, incressed slightly
from ebout -0.0010 to about -0.0012, OCy/dB, . increased from
ebout 0.0019 to about 0.0026, end achr/as iricvesbed fram..

about -0.0042 to about -0.0078. Rudder deflection appears +0 ha.ve

a largs effect on the rolling moment of the model. (See fig. 37.)

An average change in the model rolling-moment coefficlent of

about -0.0007 per degree chenge in rudder deflection was measured.
Results with Propsllers Operating

Propulsive charactoristics.- The desigh of the XF5U-1 airplans
was based on the premise that ths aerodynamic characteristics of
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the low-aspect-ratic wing could approach thioso of a high-aspoct-
ratio wing by the addition of large-diameter propellers locatod at
the wing tips and rotating in opposite direction to the tip
vortices. In this mannor the ezorgy of the tip vorticity would
be partially counteracted by the rotational encrgy of the pro-
peller slipstyeam. With the propellers rotating upward in the
center, the. lift vector 1s inclined forward because of the added
upwash due to slipstream rotation and thus the induced drag of the
wing is decreased. (See reference l.)

. For these tests, the effect of propeller operstion have been
determined by, an evaluation of the propulsive efficlency, expressed
@u - g )V (P - ) '
N & *=e————=— in vhich -—-—-E———-— is the propuleive thrust per
2P : : '
propeller and I, and Dg, exrs the propellers-removed dreg and

the resultant drag with propellers operating (measured at the
same lift coefficient), reospectively. The propulsive efficiency
thus includes'any effect of propsller opsration on the 1ift and
the drag.. The resulits of tests made to deterizins the propulsive
urficiency of the model at angles of attack of -0.5° s 5.49,
and 11,4° far B = 20° and at -0.6°, 5.39, amd 11.3° for "8 = 30°
are presented. in figure 39. The pea.k propulaive efficlency of the
progent progeller 1nstallation on the XF5U-1 airplens at o = -0, 6°
and B = is 0.75 (fig. 39(c)); vhereas, for the propeller
insta.lla.tion on the V-173 airplane for the same condlition (fig. 20
of referonce 1) a value of 0.94% was obtainsd. This d&ifference in
propulsive efficiency 1s probably d.ue t:o the d.lfferances in the wo
propellere.

The rdsulte of figure 39 show an infreass in the offective
thrust coefficient and propuleive efficiency with angle of attack,
as oxpected. At zero angls of‘ attack, the lif't coesfficient and,
therefors, the indidced drag are a.pproximte'];r zero and the effect
of the slipstreem rotation will be amall. As the angls of attack
lg incroased, however, the down flow at tha wing due to the tip
vorticlty 1s partially offset by the up flow dus to the slipstream
rotation of the propeoller; elso. the propellers bogin to conlribute
a conslderable vertical force that increases the total 1ift. Theso
offects both tend to reducs the induced dreg of the wing and to
increase - the propuleive efficiency of the alrplane-propellers cam-
bination. Further increases in angle of attack and power result
in the propellers carrying dirsctly morc and mor: of the total 1ift,

The resulte of teste made to determine the effects of direction
of propsller rotaticn on the propuleive charactoristlics of the modsl
arc given in figurs 40 for .8 = 20° and B ='30°. The teosts wore
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made at mogative as well as positive angies of attack for the same
Propelier rotation inasmuch &8s at negative angles of attack the
rotation of the propeller slipstrcém with respect to the rotation of
the tip vortices is effectlvely roversed since the wing is sym-
matrical. The results of the tosts show T percent greater peak
propulsive efficiency at the positive angle of attack far B = 20°
at Cp ¥ 0.67 and 20 percent groater for P = 30° at Cp = 0.7k

The largoer increase for B = 30° is proga.b_y because the rotation
of the slipstream 1s greater for B = 30° +than for B = 20° over
the V/nD rangs investigated thus counteracting & grea.ter por-
centage of the induced drag.

Static thrust tests.- The results of tests made to determine
the static thrust obtainable with several propeller Dblade angles
are pressnted in figure hl. The propeller blade angle for meximum
static thrust can be obtainod from the cwrve of Cp,/Cq plotted

againgt propeller blads a.ngle The optimm propeller blade angls
for static thrust is 11. 5 vhere the ratio OCgp /CQ ig a ma.x:lmum

(o, /o = 17 5).

Effects of propeller operation on 1ift.- The effects of pro-
peller operation on the 1ift of the modsel are presented. in figurs L2
at angles of attack ranging from about 0° to 30°. At angles of .-
attack of -0.5° and -0.6° for propeller blade anglés of 20° and 300,
respectively, increases in Cj amounting to botwoen 0. 2. and 0.3
were measured for thé V/nD renges investigated. Thig change in
1ift coefficient is caused principelly by the change in the local
angles of attack of the wing induced by slipstream rotation. '

As the ang;Le of attack is increased the changs 3n lift coef-
ficient at & given V/nD incrsases., Calculations showed that .
about one-third. to one-half of the ftotal intrease in lift dwe to
propeller operation st the high angles of attaclc repults from the
1ift cofiponent of the propeller resultant’ fm:-ce. Most of remaining
incresse is attributed to the ‘inereased” slipstream velocity over

the wing.

The vesults of tests mads.of ths ‘ba.sic mod.el configuration' fcr
angles of attack of from 3° to 84C with ths :proga.]lers -operating .
at blade angles of 10°, 11.5°,  1k%;-20%~'dnd 30° are given.in
figure L3. Additional data P8 proi:eller “blage a.ngle of .20°-
with the model mounted on the wing-tip siipport are given in fig-
ure 4b, These curves give the variation of Cr, Cpg, apd V/uD

with Q_ which were ‘uséd ia ﬁhe deteminaticn of ‘the meximum 1iPt
coefficfent of the a.irpls.ne with the ‘propellers ‘operating., The

4 s
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tests at very high anglea of attack were made only with & propeller
bleds angle of 11.5°,. inasmuch as preliminary check tests indicated
this setting to be optimum for the static-thrust conditiomn.

Curves for the XFSU-1 airplane of Q, vorsus Cp far both

full-power operation (1200 bhkp at 1085 rpm) and 115 percent full-
power operation (1380 bhp at 1085 rpm) are included om fig-

ures 43(a), 43(£), and 43(1) in order to dotermine peints of
simulation &f airplenc @, from modsl test datas. The intersection
of the airplans curve with the model data repreosents this simula-
tion for a particuler blade angle as shown by the, ticks on fig-

ures 43(a), 43(f), and 43(i). The points of intersection determined
from figures 43 end bh will bo usod later in the determination of
_the maximum lift coofficient of the airplane with pirdpellers
operating. : .

. Inasmuch as tho effects of propeller operation on tho 1ift of
the subject alrplane are largs, especlally at the highsr engles of
ettack, the doterminetion of the propsllers-cporating rift curve.
required the duplication of the correct blade angle and advance
ratio in addition to the torque cocefficient., The process used in
the determination of tho propslliers-operating Lift curve for full-
power operatiom at sea lovsl is as follows: from the intersections
of the airplans curve with the model curves of Figures U3 and 4k,
curves of a versus Cp, and V/nD versus Cﬁ wore plotted for
the several bladc angles as shown in figure 45, Superimposcd on
thosse constant-blade angls curves, which duplicate the required .
airplens torque coofficients, is the variation of V/nD with.Cp

of the airplans for full-power operation. Tho intersoction of the
modol V/uD versus C; curve for a particular blade engle with

the airplanc V/nD versus C; ocurve give a point at which alrplans
torque coefficient, blads anzgle, and V/nD aro duplicated. Those
intorscctions are noted by the ticks on figurs 45. The airplanc
1ift curve for full-power oporation can be traced by a line through
tho ticks on the « versus Cp curves of figure 45,

The pcaks of the a versus O], curves of figure 45 determino
the meximum-1ift cocefficient obteinable at a particuler blade angle
for full-power operatiom. The simulation point for B = 14° occurs
at the peak of the lift curve; therefore, the maximm 1ift coef-
ficient for full-power operation should be 1.90 at « = 29,20
which corresponde to e minimum flight epeed of about 90 miles per howr.

. The indicated higher maximm 1ift coefficient of the 'a.i_rpla;na

for a propeller blade angle of 11.5° (fig. 45) was not attained
with the present rated power (1200 bhp at 1085 rpm) and welght -
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(16,750 1b) of the XF5U-1 airplans. A few calculations were made
to determine the required changes in the airplans basic parameters
that would ensble the alrplame to fly on the B = 11.5° curve.

It was first desired to cha.n@ the airplans weight. while
mainteining the normal rated powsr of the. airpla.ne. Calculations
ghowed that & flight-simmlation point for B = 11. 5 at. G, = 3.0

- (Pig. 46) at o = 46,7° could be attained by decreasing the
alrplane weight by 1k.2 percent. This 1lift coefficlent corresponded
to a minimum speed. of about 72 miles per hour. It was next desired
"to make changes in both tie power and woight. As shown in figure k6
- the maximim 1ift coefficient could be increased to 8.9'at. o = 51,5°
for B = 11.5° by increasing the power 15 percent (1380 bhp at
1085 rpm) and by decreasing the woight 23.6 percent. A& 1ift coef-
ficlent of 8.9 corresporxls to a minimwm £light speed of about

42 miles per hour, . T

Izi order to obtain additional information concerning the -
performanca of the sirplans in the vory high sngle-of-attack range
(o, = 4o° o 72°), an analysis was made of the power that would
e reguired to maintain unaccelerated level flight (as defined by o

‘point where O'DR 0). Curves showing the variation of Cpgs s

@, end V/nD with COp for P = 11.5° in the region of CDR‘O

only ere presénted in figure 47. (Some of these data ere-& repeti-~
tion of the data of fig. 43.) Celculations of the power required
werc mads based on tho valuse obtained at CDR 0 and ths

varintion of horsepover required (per propel__ler), Cr, V/oD, and o

with forwvard flight speed V calculated on this basis are shown
in Pigurc- 48, For the speed ranges Investigated the horsepower
reguired per ypropsller increases Lram about 1290 horgepower at ..
Op = 2.40 to 1690 horsepower at . Cj, = 10.75. (See fig. 48.) This

inorease in horsepower is, from & to 41 percent greater than the
normel rated horsepower of the XF5U-1 airplsne. As shown in fig-
ure 48, the minimum forward flignt speed of ths airplens (for normal
. gross. weight) for level flight is about 38 milss per hour, based on

the 1ifit coefficient of 10.75 at a = 69°. Calculations indicated
that an increase in the propeller~rotatiom.l speed. of sbout 10 per-
cent would be requirsd throughout the speed range investigated. The
need for this increase in propeller-rotational speed could prcbably
. be. elim,ina.’oed by ch.anging the propeller blads angle alightly.

PO

CONCLUSIONS

v - -

The resuits of an. investigation of & '1/3-scale model of the
Chance Vought XFS5U-1 airplans in the Langlsy full-scale tunnel

showed the following B
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1. Barly air-flow soparetion at the wing center soctlon was
caused by mutual intorference effocts of tho onglno air-duct
inptallations and in upright canopy on the wing. As a result,
the comparatively low value of maximum 1ift ¢ocfficient .of 0.97
'was moasurod for the complots mod >l configuretion with the pro-
pellers removed. With the engine elyr ducts -and cahopy __rompvod, a
moximm 1ift coefficient of 1.31 was measured. .

. 2. Installing oxtendsd spinners in tho englne air ducte and
extending tho canopy eftervody increased tho maximm 1ift coeffi-
.¢lent-of ths model with the propellers removed by 0.08 and 0.06,

rospectively. . ' . S

3. The model with tho propellors removed (normal contsr-of-
gravity location) has & positive static margin, stick fixed,
varying from 5 to 13 porcent of the mean aorodynemic chord through-
out the unstalled remge of 1ift coefficientsd., ' o

L4,  The unit horizontal teil is sufficiently powerful to trim
the ailrplens with the propellers removed throughout the unstalled
rapnge of 1ift coefficients. _ - S -

5. The effect of the unit horizontal tail on the eirplane ' .
longitudinal stability, as determined by the slope of -the curve of
tail pitching-moment coefficient against angle of atiteck ‘Cn, [d«
dscreased from sbout -0.0059 at angles of attack up to 10° to -
about -0.0022 for angles of -attack greeter than 12°.

B =20° at Cp = 0.57 and 20 percent greater at B = 30 &t
Cp, = 0.74. with the propellers rotating upward in tho center than
with the propellers rotating downward in the center.

*6, The peak propuleive efficiency was 7 perocent gi'gq.aer at .

7. Propoller operation caused large changss in the 1ift of
the mpdel, especially at ths highor angles of attack, Calculations
ghowed that about one-third to one-half of the total increase in
1ift dus to propeller operation at the high angles of attack wae
duws to the vertical componsnt of the thrust of ths propsllors.

8. Based on a meximum lift coefficiént of 1.90, imdicdtions aro
that the minimum forward flight speed of the XFSU-1 airplane having
a gross welght of 16,750 pounds for full-power operation at sea
level (1200 bhp at 1085 rpm) will be about 90 miles per hour.
Decreasing the airplane welght and increasing the power decreased
thie value of minimum speed, such that for 15 percent greater
power and a 23.6 percent decroase in woight, the minimum speed
was about L2 miles per howr at a = 51.5°. The rosulte did not
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indicate any limit to the minlmm .speed provided the necessary
changes in power and welght could be made.

I.a.ng;l.ey Memorial Aeronautical Ia'bora:bcry o
National Advisory Committee for Aerona.utics
langleoy Field, Ve.

Yog, b
el

P L. e o '.‘, ,(./ .l; ..'-"'/i"__"’-___}'(_’;
. Roy H Ia&nge K
Aerona.u’bical Frginesr
R !L’ﬂ’ .__,' ‘("/ LT ,_x-...:;,. - / & ) ‘_;;;rt_
Bennie w‘ Cocke J’r.
Aeronsutical Ensimer

oy el
Anthony J.

Mechanical Ens'meer
Approved.:

< Z
W ”7. :{Lg:g e,
Clinton H. Doarborn

Chief of Full-Scale Ressarch Division

S



18 ililililli-iF NACA RM No, L6T19

1. Reedor, John P., and Brewor, Gerald ¥.: NACA Full-Scale Wind-
Tunnel Tests of Vought-Sikorsky 7-173 A.».rpla.ne NACA MR,
April 28, 1gk2,

2. Glauert, H,: Wind-Tunnel Interference on Aercfolls. R. & M.
No. 1470, British A.R.C., 1932.

3. DoFrancy, Smith J,: The N.A.C.A. Full-Scale Wind Tunnel.
NACA Rep. No. 459, 1933.

k. Schuldenfrei, Marvin: Some Notes on the Detormination of the
Stick-Fixed Noutral Point from Wind-Tunnel Data, NACA KB
No. 3I20, 1943,



TABLE I

MODEL COIFTROL-SURFACE DATA

Tr:iim~ta.b area, sq £t

i

Unit horizontal tail | Vertical tail | Rudder Flap
Avea, 8 Ft 2.79 1.58 80.59 0.8%
Span, £t 2,77 1.3 1,43 1.8
Root-moan-square chord, ft 1.01 by, 38 by, 57
Agpect ratio 2.7 1.29 3.91
Control deflection, deg 55 up 25 down 2oent, ey 3%%33:’1
0.68

|

i
an'{ea aft of hinge line,
DChord aft of hinge line.

NATTIONAL ADVISORY

COMMITTER FOR AERONAUTICS

6TI9T °*ON WY VOVN
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TABLE IT

INDEX OF MAXIMOM LIFT RESULTS

PROPELLERS REMOVED

No. Model configuration A Regi’;‘:;lge
1 | Complete model 0.97 3, 12
2 | Semo as 1 except canopy open e98 J e
3 | Sams as 2 except fillets instaslled 96 e
I | Same as 1 except engine air-duct inlets
gealed with Pulbous fairings 1.05 5, 13
5 | Sems as 4 except extended canopy after-
* body installed 1.11 6, 13
6 | Same as 1 except engine air outlets
unsealsd ' 96 |emmmmmeaeae
7 | Same as 1 except engine air ducts
removad 1.19 13
8 |Same as 3 except extended spirners
installed 1.0% i7, 8, 9, 13
G |Seme as 8 except upright canopy and
Tillets removed 1.11 10, 13
10 Basic modsl 1.31 1!-, 1h

RATIONAL: ADVISORY
COMMITTEE FOR AERORAUTICS
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Figure l.- System of axes and control-swrface hinge moments and .
deflections. . . Positive valuss of - -forces, moanen,ts and angles are
irdicated by arrows. DPositive values of tab d.eflec.tions are in
the seme directions as the' positive values for the control sur-
faces to which the- tgbs. are a.ttached..; .

Flgure 2.~ General arrvengement and: gsomgtric charaoteristics of a
1/3-scele.model of the.Chance Vought»XF‘jU l a.irpla.ne
dimensions are given in Ffeetb. .

Figire 3.- The 1/3-scale model of..the. XF5U-1 _airplane mounted, for
tests in. the Langley: full-scale;tunnal. _Model in con_mlete con-
figuratlon; propellers removed; wing- tip su‘opor'b

Figure k.- The 1/3-scale model of the XE5U—1 a,irpla.ne mounted. for
tosts in the Langley full-scale tunnsl. Mod.al in ‘bas_ic con-
figura.tlon, semiepa.n support, p:r-opallers insta.lled..

(a) E::on'b view.

Figurs %.- Conmtinuwed. . . . .. - . - ;.

- R

(b) Three-fourth rear wiew. . .
Figure L.- Concluded. SR S

N e) Sid.e ,view.

Figure 5.- I)etails of configuration 11- shcrwing engine-air duct
inlets sealed with bulbouvs FTairings. .. Propellers removed.

Figurs 6.- Configuration 5 showing extended canopy afterbody
Installed. Erlgine-a.:}r—duct inlets sealed., prope].‘l.ers removed.

Figuws 7.- Deta.ils of configu:cation 8 showing extended splnners
in engine-air-ducts, fillets, and open canopy. Propellers
removad.

Figure 8.- Arra.ngement of engine—a.ir-a.uct installation at wing
leading edgo. Spimmers do not revolve in ducts.

Figure 9.- Detalls of the :extended spinnesr instailation. A1l
dimenasions are given in inches. .
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FIGURE LEGENDS - Continued

Figure 10.- Configuration 9 showing canopy ingtallation removed.
Extended splrners inst&lled.; pe‘llera removed.

Figure 11.- Veriation of - Of, -and V/oD with Qg of the
F50-1 a.irplane for’ fu.L'L~power opera.tion a.t sea level.

Figuro 12.- Variation of Cf, cD, and Cp with a of e 1/3-scale
model of the IFHU-L airpla.ns Cémplete mod.el configuration,
propellers removedi - ..

Figure 13.- Comparison of ma.ximm 1ift coefficiente obtained with
five model configurations.’ (Sae ta.bla II.) Propellers removed.

Figure k.- Veriation of Op, €p, ‘snd Cp ‘with « of & 1/3-scale
model of the XFOU-1 alrplans. Basic mod.al_‘config(n-a.tion;
propellers removed. o

Figure 15.- Tuft nbservations on the' 1/3-scale model of the
XF5U-1 airpla.ne Propellers removed.

(a) Configura.‘bion 1.
FMigure 15.- Concluded. o
. (b} Configuration 10.

Pigure 16.- Variation of piltching-mament coefficient with allavator
deflection. Model in complete configuration. a’I‘L 53‘1}; &

8, = 0% propellers removed; 8p = 0°.

Figure 17.- Variation of right-ailavator hings-momsnt coafficient
with allavatar deflection. Model in camnpletle configuration,

53‘1'1, = 55‘1‘3 = 0% 8, = 09; propellers removed; &p = O°

Figure 18.- Variation of 1lift coeffieient with a.ilavator deflection.
Model in complete configuration; aTL a-‘IR = 0% &,., 0°, &, 0%

propellsrs removed.

Figure 19.- Variatlon of drag coefficient with ailavat.or deflectionm.
Mod.el in camplete configuration; BETL =8n = 0°; Sr, 0°c;
Bf, o° 3 propeller removed. 8T
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FIGURY IEGENDS = Continued -

Figure 20, - V'e:riation of ( Co a.nd. ( % . with 1lift
- - a’C =O ch ;Q : .

coei’ficient Mod.el :Ln complete configur&tion, propellere removed.

Figure 21w "\Tariation of p:Ltching n‘idméht e,oeﬁioient with lift coef-
ficient. - Model in complete configuvation; propsllers removed.

Figurs 22.- Varistion off stick. fixed neutral poidts'with lift coef-
ficient Mods 1 in ccmple'be con:f.':.guratims propellers removed..

Figure 23.- Variation of ailavator deflectlon req_uired. for trim with
1ift coefficient Oomplete mod.el configuratlon; pr‘opellers
removed: . . - Lt -l R

Figure 24.- Variation of pi bchlng-moment coefficient with lift
coeffiicient: Cha- = 0. -Model.in cgupﬂ.eﬁe configms'&tlon; o

Propellers ‘z'émoved S :
F:Lgure 25 V‘a.riation of CL, CD, a.ncl C ~Wlth' o’ of the modsl
with the horizontal tall installed e.nﬁ. removed. Ba.sic mod.el
configura.tion, propellere x‘e:noved..

Figm'e 26 Va.ria.tion of increment: of pitching-motaent coefficient
due to horizontal tail with angle of attack. Baslc -mdédel ‘con-
figura.'bion, propellers remorved.

Figure 27 - The effect of right-e.ilava.tor tab eetting an the _
variation of cha with &g. Model in baslc configuration

88‘1‘1, = 0%; _81, = 0%; propellers removed; B8, 0C.
Figure B.- The effect of right-ailavator tab setting on the
ve.rie.tlon of Cp with J;. Model in basic configuration;

Ga_TL = 0° 8, = 0% propellera removed; dp, 0°.

Figure 29.— The effect of right-e.ile.vato:c tab setting on the
variation of Cp with 5 Model in Pasic configure,tion,
SE‘II. =0% B8,= 0°; propellers removed; Gf, o°.

Figure 30.- The effect of right-ailavator te.b setting on the
variation of Cp with 8§,. Model in basic configuration;
SB'TL = 0°; 8 = 0°; propeliers removed; O, o°.
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FIGURE LEGENDS - . Continuad.

Figure 31l.- Varietion of pitching-moment coefficient with flap
deflection. Mocdel 1n basic configuration, ETL 55.1:R
8, = 0%; propellers removed.

Figure 32.- Va,ria.ticm of right-fla;lﬁ hinée-moment coefficient with
flap deflection. Model in basic ccn.figura.tion, 5&'1‘1. = SWI'R = 0%;

Br = 0° 3 propallers removed.

Figure 33.- Variation of 1ift coafficient with fla.p d,eflection
Basic model configuraticn: . _Br = 0° ; pro-
pellers removed. &Ii' aqh

Figurs 3%.- Variation of drag cosfficient with flap dsflecion.
Model in basic configuration; Baq_ = 5&% = 07; 8, =07;
propellers removed. L

Figure 35.- Varlation of Cha: €y, and C, .with right allavator

deflection on a 1/3-scale modsl of the XF5U-1 airplans. Left
allavator fixed; propellers removed., ¥, 100 mph, 8, = 0°; dasic
model configuration. ] - . _

Figure 36.- Variation of Cp, cD, and G with right ailavator
deflection on & 1/3-scale model of the XF5U-1 eirplans. Left

ailavator fixed; propellers removed, V lOO mph, 8 =" 0%; basic
model configuration. -

Figure 37.~ Variation of Chyp» Cpn, end C; with 8, ona

1/3-scale model of the XF5U-1 airplane. Propellers removed;
basgic model configuwration;- VvV, 100 mph

Figure 38.- Variation of Cp, Cp, and Cy with 8. ona

1/3-scale model of the XFSU-1 airplane. Propellers removed;
basic medel configuration; V, 100 mph.

Figure 39.- Typical curves showing propulsive characteristics.
Basic model configuration; all control surfaces nsutral.

(a) Variation of C_ with V/noD.

P
Figure 39.- Continued.

(b) Variation of Cp with V/uD.
=4

e
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FIGURE LEGENDS - Continued

Figure 39.- Concluded.
(c) Variation of 1§ with “V/oD.

Figure 40.- Variation of Cyp, Cp,, end 7 with V/oD. Basic
model confisuration; all control s‘u:r.'-fa.ces neutral, data for

B8 = 20° obtained with wing-tip support.

s -

Figire Ll.- Variation of Cyp, cTe, end., Cp_ [Cq with B of the

model propellers. Basic model confie;ura.tion, V/nD 0; data for
obtained with wing-tip support.

Figure 42.- Variatiom of Cy with V;/.n.'D ' Basic model configuration;

propellers operating; all control surfaces neu’m.‘a.l B = 200
curves with wing-tip support.

Figure 43.- Variaetion of Cp, C]'JR-, ~ghd’ ~V/oD with Q. fTor

several propeller blade angles. Basic model configuration; all
control surfaces nsutral. ’

(a) &, .
Figure b43.- Continued.
(v) &'u’ €°. .
Figure 43.- Continued.
‘ . (c) s 12°,
Figure 43.- Continved.
(@) ay, 15 .
Figure L3.- Continued.
(e) @, 21°
Figure 43.- Comtinued.
(£) @, 30°.
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FIGURE LEGENDS - Continued

Figure 43.- Continued.

(8) «y, 36
Figure 43.- Continued. ‘
. | (h) «,, "42°.
Figure 43.- Continusd. R
| (1) o), 48°.
ii'1812-"9 43, - Confinued. S
() @y, 54°
Figurs 43.Y Continued. e .
(k) o, 60°.
Figure U43.- Continued. .
(1) oy, T72°
Figure 43.- Concluded. S
(m) o, 81+°.___

Figure Wk.- Variation of Oy, oDR', and V/oD with Q, for

B = 20°. Besic model configuwration; wing-tip support; all
controel surfaces nsutral.

(a) @, 5°.
Figure 44,- Continued.

(b) o, 11°.
Figure W4, - Continued.

(c) ay, 14°
Figure Lk.- Continued.

(a) a,, 29°.
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FIGURE LEGERDS - Concludsd

Figure 4k4.- Continued.

(e) oy, 35°.
Figure 4h4.- Concluded.

(£) a, By,

Figure U5.- Cwrves used for the determination of flight propeller-
opsrating 1ift coefficlients from model data. Model curves
duplicate alrplane Qg, v8 C; for full-powsr operation; basic
model configuratlon; all controls nsutrel.

Figure %6,- Curves used for the determination of flight propeller-
operuting 1lift coefficients from model data at f = 11.5°.
Baslc modsel conflguretion; all controls neutral.

Figure 47.- Variation of Opps R @, end V/nD with Cp for

propeller operation at B = 11.5°. Basic model configuration;
all control surfaces neutral.

(&) ay, 42°.
Figure 47.- Continued.

(b) @, 48°.
Figure 47.- Continusd.

(0) ay, S .
Figure 47.- Continusd.

(6) o, 60°.
Figure 47.- Concludsd.

(o) a, T2°.

Figure 48.- Variation of BProqs Cr, V/oD, and o with V

for level-flight conditions at B = 11.50. A1l control surfaces
neutral; normsl gross weight. .
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Relative wind

—_—

Relative wind

- NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Figure | .~ System of 2%€8 and control-surface hinge moments
and deflections. Positive values of forces, moments, and
angles are indicated by arro¥s. Positive values of tab-
deflections are in the-same directions as the positive

values for the controlzayrfaces to which the tabs are at-
tached. ' =
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Figure 3.~ The —%—-scale model of the XF6U-1 airplane mounted

for tests in the Langley full-scale tunnel. Model in complete
configuration; propellers removed; wing-tip support,

JRNE

NATMIMAL ADWISORY COMMITTEE FOR AERONAUTIGS
LARGLEY MEMORIAL AEROMAUTICAL LABORATORY — LANGLEY FIELD. VA

*ON HY YOVN
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(a) Front view.

Flgure 4.~ The —%—-scale model of the XFSU-1 alrplane mounted
for tests in the Langley full-scale tunnel. Model in basic
configuration; semlspan support; propellers installed.

NAT:OMAL ADVIEORY COMMITTER FOR ANRONAUTICE
LANOLEY MEMORIAL AERONAUTIAL LABCRATORY = LANGLEY FMILB. VA,

*ON WY VOVN

6T1I97



o N,

{b) Three~fourth rear view,.

Figure 4.- Continued,

NHATIOMAL ADVISORY COMMTTEE FDR AERONALTICE

- LANGLEY MEMCRIAL AZRDNAUTEAL LARODRATORY — LANBLEY FIELD. VA
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(c) Side view,

Figure 4.- Concluded.
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(b) Three-quarter front view.

Figure 5.- Details of configuration 4 showing engine-ajir-duct
inlets sealed with bulbous fairings. Propellers removed.
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Figure 6.~ Configuration 5 showing extended canopy afterbody
installed. Engine-air-duct inlets sealed; propellers removed.
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Figure 7.- Details of configuration 8 showing extended spinners
in engine-air~ducts, fillets, and open canopy. Propellers

removed,
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Res;bfqnce plale

Wing leading edge

Plan view

ExTlended spmnrner
——— = Original Spimnner

Side view
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e COMMITTEE FOR AERONAUTICS

Figore 8.- Arrongemerl” of elqgme - an-avc’
nstallarior ar wing leading edge.
Spinrners do nol revofve #? Qucr’s.
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Figure 10.- Configuration 9 shewing canopy installation removed.
Extended spinners installed; propellers removed.
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e = 32.29% C, = 0.97 a = 35.29 Cy = 0.95

(a) Configuration 1.

Figure 15.- Tuft observations on the —%—-scale model of the

XF5U-1 airplane. Propellers removed,
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(b} Configuration 10.
Figure 15.- Concluded.
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